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COMPLETE SPECIFICATION 
Production of Polyether Diols using Water as a Telogen 



We, The General Tire & Rubber Com- 
pany, a corporation organized under the laws 
of the State of Ohio, United States of America, 
of No. 1703 Englewood Avenue, Akron, 

5 County of Summit, State of Ohio, United 
States of America, do hereby declare the in- 
vention for which we pray that a patent may 
be granted to us, and the method by which it 
is to be performed, to be particularly described 

10 in and by the following statement: — 

The present invention relates to a method 
for the production of hydroxy-tenninated poly- 
oxyalkylene diols and more particularly, to a 
method for producing liquid polyoxyalkyleae 

15 diols. 

It is an object of the present invention to 
provide a method for producing substantially 
hydroxy-terrninated polyoxyalkylene diols. 

It is another object of this Invention to pro- 
20 vide a process for producing relatively low 
molecular weight liquid polyoxyalkylene diols 
having a hydroxy! functionality of approxi- 
mately 2. 

These and other objects and advantages of 

25 the present invention will become more appar- 
ent to those skilled in the art irem the follow- 
ing detailed description and examples. 

Our United Kingdom Patent Specification 
No. 1,063,525 discloses a method of poly- 

30 merising organic compounds having at least 
one ring of 2 or 3 carbon atoms and one 
oxygen atom in ihe presence of certain double 
metal cyanide complexes as catalysts. Our 
United Kingdom Patent Specification No. 

35 1,063,526 discloses catalytic compositions suit* 
able for use in such a method. 

According to the present invention it has 
been discovered* that substantially hydroxy, 
terminated polyoxyalkylene diols can be pro- 

40 duced by the polymerization of (1) epoxide 
and/ or oxHSne monomers with (2) water in the 
presence of (3) certain double metal cyanide 
complexes which have been treated with 
organic materials such as alcohols, ethers, esters 

45 and the like. Depending upon the amount of 



water employed, the resulting polymers (here- 
inafter referred to as telomers) can vary from 
light oils to greases and solids having a 
hydroxy! functionality of about 2. 

The organic cyclic oxides which can be 
telomerized in accordance with the process of 
this invention are 1,2-epoxides, oxetanes, 3- 
substituted oxetanes and 3,3-disubsritutcd 
oxetanes, having an oxygen-carbon ring in 
which an oxygen atom is joined to 2 or 3 
carbon atoms in the ring which will open and 
telomerize with the same or other cyclic oxide 
monomers in the presence of the double metal 
cyanide complex catalyst and which have up 
to a total of 18 carbon atoms; that is to say, 
up to 3 carbon atoms in the ring and up to 15 
carbon atoms in the side chains. These cyclic 
oxide monomers may also contain 1, 2 or more 
aliphatic double bonds. Preferably, the cyclic 
oxides contain only 1 aliphatic carbon-to- 
carbon double bona The alkenyl, ether and 
halogen substituted derivatives (except easily 
ionized halogen) of these cyclic oxides also 
can be employed. 

Examples of useful cyclic oxides which can 
be employed in the process of the present 
invention are ethylene oxide (1,2-epoxy 
ethane), 1,2-propylene oxide, 1,2-butene oxide, 
1,2-hexene oxide, 1,2-dodecane monoxide, iso- 
butylene oxide, styrene oxide, 1,2-pentene 
oxide, isopentene oxide, 1,2-heptene oxide, 
allyl glyadyl ether, isoheptene oxide, 1,2- 
octene oxide, methyl glycidyl ether, ethyl 
glycidyl ether, phenyl glycidyl ether, butadiene 
monoxide, isoprene monoxide, oxetane (1,3- 
propyiene oxide), tolyl glycidyl ether, 3,3- 
dimethyl oxetane, 3-allyl-3-methyl oxetane, 3- 
vinyl - 3 - methyl oxetane, 1,2 - pentadecene 
oxide, 3 - butyl - 3 - decyl oxetane, 3- 
chloromethyl oxetane, and 3-chloromethyl-3- 
methyi oxetane. 

It is preferred to employ the lower molecular 
weight oxides, such as ethylene oxide, 
propylene oxide, and the butylene oxides, con- 
taining from 2 to 12 carbon atoms. 
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The double mend cyanide complex catalysts 
which are useful m the process of this inven- 
tionare prepared by reacting a transition metal 
SSlSith a metal salt in aqueous 
m^aT Removal of substanaaUy all of the 
wraT present in the catalyst is desirable to 
3K activity of the catalyst although it 
Sfappear tba/removal of all thenar i 
Z pramVable and may not be desirable. It 
has been found that most of the water can 
removed and the activity of the catalyst 
^ enhanced by treating'** catalyst with 
nomplexing or co-ordinating material such 
Is aT alcohol, ether, ester, sulfide, ketone or 

^gtneral, the double metal, cyanide cata- 
lysts employed in the present invention have 
die following rational formulas: 

M.[M'(CN),]c and/or M.[M'(CN),(X),] 3 

herein M is a metal ion which forms a meal- 
oxygen bond that is relatively more stable than 
rte^rdinate bond between the ami and 
*no£n atoms of the cyano, CN, group On 
d£ other band, M' is a transition metal ion 
^tts nTelhan 1 stable valence formed 
forms a relatively strong covalent bond with 
the carbon atom of the cyano group. An indi- 
vidual catalyst can contain more than one type 
rf £ M?M' metal ion b ™£ 
The grouping of these metals, with the oaade 
ion U electrons with the 2 «l» 
usually exists in polymeric form as follow. 

(— M'— CN . . . M . . . NC-M0« 
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wherein » is an integer of at least 1. and super 
toe-dimensional polymers can be formed 
depending upon the co-ordination numbers ■ 
M and M'. Moreover, those metal ions which 
nroduce active cyanide catalysts can all co- 
SdfrS Sh 6p«ips (such as he^cyano- 
£mte (UD). Most of the hexacyanofem^- 
(111) including zinc hexacyanoferrate(lU), 
have'a cubic face-centered lattice. 

The CN" groun in the catalyst molecule is 
the bridging pou>- However, otiier b^gmg 
groups can be present in the catalyst molecule 
£Tg as the P catalyst molecule contains at 
least a majority of CN" bridging g™P*- ™»» 
r and t are numbers and r is greater th an *. 
, is 0 when the CN" group only is die bndgmg 
group. Other bridging groups, X m the formula 
above, which can be present with t he CN 
ZuS can be at least one of the Mowing. 
PS", Br, I- OH", NO, O- 3 OXH W, 
N&=, Q>0 4 — , SO", CNS , CNO-, 
NCO - , and NCS"~. 

In the above forrnulasM » at leastone 
metal selected from ZnOI), FeOI), Feflip, 
rwTTi NiOI). MoflV), Mo(VI), Al^iii;, 

voV) vm srcS, WV), wcvr,, MnOD, 

> 'OnVotheV iklT is at te* 
one metal selected from Fe(n), FeOII), 



corn), Co(m), GflD, Cr(m), MnOD, 

Atafffl), VOV) and V(V). Also a, 6 andc are 
rubers' whose values are functions of the 
valen^s and co-ordination numbers of M and 
M' and the total net positive charge on M 
multiplied by a should be essentially, numeric- 
ally eaual to the total net negative charge on 
fM'(Cn) b ] or [M'(CN),(X)»] multiplied by c. 
IrT Scat instances b and the sum ofr+ 
corresponds to the co-ordination number of 
M' and is usually 6. ...... the 

Examples of catalysts winch faU within the 
above description and which may be employed 
in the process of the present invention are mc 
hexacyanoferrate (HI), zinc hexacyanofemte 
(m nickel (II) hexacyanoferrate (II), nickel 
ffi'hm-yanoferrate (III), zenc hexacy^no- 
errate OH) hydrate, cobalt (II) hexacyano- 
ferrate fa/nickel (ID *W»of~ <g> 
hvdrate. ferrous hexacyanoferrate (HI), cobalt 
(ffnSac^nocobaltate (HI), zinc hexacyano- 
cofaltate 01). zinc hexacyanomanganate (U), 
w toacSochnmate (&I), zinc uxiopenta- 
cSoStt (HI), cobalt (ID chloropema- 
Serrate OI), cobalt (II) bromopentacyano- 
remte (II), iron 01) fluoropentacyanoferratt 
rtin zinc chlorobromotetracyanoferrate (ui), 

Tate ' (III), molyb- 
iloropentacyarioferrate OI)> 
varuutum(ivuie^cyanochromate(II), vana- 
S^exacyanoferrate(m), smnaumflQ- 
h^cyanomanganateOII),. tungst^V)h«ni- 
c^oVanadatefrV), aluinim^ cMw^ta- 
^novanadate(V), tuiigsten(VI)hexacyano- 
SeOID, manganeseaDWcyanoferrateOl) 
and ctoormum(ni)hexacyanofemte<ni). Ex- 
amples of other cyanide complexes which can 
be employed are 



iron (ill) nexatyauvis*" 
dkhlorotetracyanoferrate 



Zn 
Zn 
Fe 
Cr 



FeCC^jNO], 
! Fe(CN) 5 CO], 
Fe?CN) 4 OH], 

iF( 



ZojtF^CNXNO*]* 
ZnlF^CNjoHsO], 
Cr[Fe(CN) s NC01, 



f :NCS'L Al[CoCN),NCO], and 
1.CNS],. 



65 



70 



75 



80 



85 



90 



95 



100 



105 



Ni a [Mn(C 

Mixtures of the above compounds can also be 

^Seral, the complex catalysts of this 
invratiV^ prepared by reacting, aqueous 110 
Sons of salts which give a precipitate of 
a metal salt of a transition metal complex 
anion. For example, 

MaZ+M"[M'(Y),].^M ft [M'(Y),],,+M"Z 

wherein M is a metal ion which precipitates 
complex anion salts, for example, Zn~ a b 
and c in the above equation are integers but 
do not necessarily have the same values on 
both sides of the equation since their values 
are functions of the valences and co-ordination 
numbers of M, M', M" and possibly Y and 
Z. Z is a halide or other anion, for example, 
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Q- M" is a hydrogen ion or a metal ion 
whose complex anion salts are soluble in water 
or other solvent, for example K 4 * or Ca 4 " 4 ". 
M' is a completing transition metal ion, for 

5 example, Fe +++ . Y is a complexing anion, for 
example, CN- In producing the complex 
cyanide catalyst useful in the present inven- 
tion, an excess of M»Z is usually desired. 
Apparently extraneous ions in the solution 

10 used to form the precipitate are easily occluded 
with the complex. Anions (Oh, etc) co- 
ordinate to the positively charged metallic ions 
in the lattice, and cations (K**) co-ordinate 
to the negatively charged nitrogen atoms of the 

15 cyanide bridging groups. These ions, especially 
those anions co-ordinating to or associated 
with the M atom, inhibit catalytic activity or 
prevent the complex from causing appreciable 
polymerization. Additionally, these ions, for 

20 example, easily inonizable Q, may terminate 
the polymer chain. 

To obtain a catalyst having the highest 
activity or the telomerizadon, an organic com- 
plexing agent is added to the catalyst precipi- 

25 tate preferably before it is csntrifuged or 
filtered. This complexing agent can be mixed 
with the water during wasing of the precipi- 
tate. It can be employed alone as the washing 
media provided the complexing agent is able 

30 to replace or dissolve the occluded ions, or it 
can be employed to treat or wash the precipi- 
tate after the precipitate has been washed with 
water, to replace at least a portion of die 
water. Sufficient complexing agent is employed 

35 to effect these results in order to enhance the 
activity of the catalyst. Such complexing agent 
should desirably co-ordinate with the M ele- 
ment or ion and should be a relatively low 
molecular weight organic complexing agent. 

40 The complexing agent should preferably be 
water-miscible or -soluble or substantially so, 
have a substantially straight chain and may 
contain up to 18 carbon atoms. Preferably, the 
complexing agent contains only up to 10 carbon 

45 atoms and is a liquid at room temperature. 
Examples of complexing agents which can 
be employed in the double metal cyanide cata- 
lysts are alcohols, aldehydes, ketones, mono- 
ethers, diethers, polyethers and acyclic aliphatic 

50 polyethers. The alcohols are for example, 
methanol, ethanol, propanol, isopropanol, 
butanol, octanol or octadecanoi The aldehydes 
are, for example, formaldehyde, acetaldehyde, 
butyraldehyde, valeric aldehyde, glyoxal, oenz- 

55 aldehyde, or toluic aldehyde. The ketones are, 
for example, acetone, methyl ethyl ketone, 3- 
pentanone or 2-hexanone. Examples of the 
cyclic ethers are^dioxane, trioxyetbylene and 
paraldehyde. Aliphatic saturated monoethers, 

60 diethers, polvethers and acyclic aliphatic poly- 
ethers are also useful as treating agents; such 
ethers are, for example, diethyl ether, 1-ethoxy- 
pentane, bis-(£-chloroethyl) ether, dibutyl 
ether, ethyl propyl ether, bis-Off-methoxyethyi) 

65 ether, ethylene glycol dimethyl ether, tri- 



ethylene glycol dimethyl ether, dimethoxy 
methane, acetal, methyl propyl ether, diethoxy 
methane, or octaethyiene glycol dimethyl ether. 
The acyclic polyethers are preferred. Still other 
complexing agents which can be employed are, 70 
for example, amides, esters, nitriles and 
sulfides, of which the following are examples: 
formamide, acetanride, propionamide, butyr- 
amide, vaieramide; amy! formate, ethyl 
formate, hexyl formate, propyl formate, methyl 75 
acetate, ethyl acetate, and methylene glycol 
diacetate; acetonitrile and propicnitrile; di- 
methyl sulfide, diethyl sulfide, dibutyl sulfide 
and diamyl sulfide, Ethers having more than 
1 oxygen atom and which form a chelate with so 
respect to the metal M are preferred. Mixtures 
of these organic complexing agents can also be 
employed. Where there is an excess of that 
required to complex with the metal catalyst, 
the excess can be removed by extraction with 35 
a hydrocarbon solvent, such as pentane or 
hexane. 

After treating with the organic complexing 
agent, the catalysts have the following rational 
formulas: 

M fl [M'(CN) b ]o.(H 2 0) d .(R) 0 and/or 90 
M.[M'(CNMX)J 0 .(EtO)..Ci^ 

wherein d is 0 or a number which may be a 
fraction and e is 0 or a number which may be 
an integer or a fraction, since the catalyst is 
a nonstoichiometric complex in which various 95 
amounts of water and the R groups may be 
bonded to the various metals, e is 0 when the 
catalyst is not treated with the complexing 
agent R is one or more of the complexing 
agents such as the organic amides, alcohols, iqq 
aldehydes, esters and ethers as herein above 
set forth. M, AT, X, a, b, c, r and * have the 
same meaning as herein above set forth. In 
general, d and e will have values corresponding 
in pan to the co-ordination number of AL 105 
However, both the H a O and R can be occluded 
in the crystal lattice. In general the sum of the 
oxygen, nitrogen and/or sulfur or other co- 
ordinating atoms of HaO and R (depending 
on the organic complexing agent) is equal to HO 
from about 0.1 up to about 5.0 g-atoms maxi- 
mum per g-atom of AL If the catalyst is 
subsequently heated and dried to remove all 
of the water and/or organic complexing 
agents, the resulting product exhibits a loss or 115 
a substantial decrease in its catalytic activity. 

As shown in the above formulas, if the 
organic complexing material is not used, R wfll 
not be present and thus e will equal 0. Thus, 
a formula for these catalysts is 120 

M.(K)..(BW»..(R). 

wherein At, R, a, c, d and e have the above- 
identified meanings and wherein K is selected 
from At' (CN)„ and M' (CN)^ and where 



M', X, r and r have the above-identified 
meanings. In the above formulas, the sub- 
scripts may represent whole numbers as well 
as fractional numbers. . . _ 

5 In the preparation of the catalyst it is to 
be noted that where the catalyst is filtered or 
centrifuged from the solution in which it was 
prepared and then washed with one of the 
Polymerizable cyclic oxides, b uch as Fopytene 
10 oxide, it contains little or no catalytic activity. 
For the subsequent polymerization of sucn 
monomers in order to obtain a storage stable 
catalyst for the polymerization of the cycuc 
oxide, the catalyst should be filtered or centn- 
15 fused from the solution in which it was pre- 
pared and then washed with water and an ether 
or other organic complexing compound as 
herein above described and subsequently with 
one of the polymerization cyclic oxide mono- 
20 mere. This results in a very active catalyst 

^ After the washing steps, the catalyst can be 
employed per se. However, it is preferred to 
dry the catalyst to remove excess treating 

25 agent and any remaining easily removable 
water and to provide for a more easily handled 
material. Such drying is accomplished by sub- 
jecting the catalyst to a vacuum or by heating 
the catalyst in air or in aninert amosphere 

30 at a temperature up to about iuu u it w 
preferred to dry the catalyst under a vacuum 
at low temperature (for example, 25°C at 
0.5 to 1 mm Hg), orin a mm of a,r nitro- 
gen or inert gas at from 5° to 25?C A^neat 

35 treated catalyst shows lesser activity and thus 
must be employed in higher concentration than 
the vacuum-treated catalyst. High temperatures 
are to be avoided since the catalytic activity 
of the catalyst is decreased as the temperature 

40 of drying is increased. It is believed that, at 
the high temperatures, some of the oxygenated 
or other organic complexing agents which are 
weakly co-ordinated to the metal M may be 
lost thereby leaving voids in the crystal lattice, 



and the atoms in the crystal lattice may re- 45 
arrange to satiny co-ordination requirements 
of the metals. Heating may also nmc Vf 
cyanide ions, and reduce the metal M . It is 
also possible that the molecular weight of the 
catalyst can increase thereby reducing the 50 
number of exposed metal ions on the surface 
of the catalyst and/or active sites. It is pre- 
ferred to employ freshly prepared catalysts 
since the catalysts slowly decompose upon 
storage and thus reduce the catalytic activity. 55 
Where the catalyst is to be stored for long 
periods of time, it is preferred that they be 
stored at reduced temperatures to decrease tne 
amount of decomposition. 

While it is not precisely known what occurs w 
to make the double metal cyanide complexes 
so useful in this polymerization, it 
that the following takes places. While tfce 
following discussion relates to tne treatment or 
the double metal cyanide catalyst with ethers, to 
it will be appreciated that it is generally also 
applicable to the treatment with other 'organic 
complexing agents herein above set forth. It 
has been shown that, for example, with respect 
to zinc hexacyanoferrate which has been pre- 70 
pared by addition of aqueous zinc chloride 
solution to an aqueous solution of potassium 
ferricyanide, when the precipitate is washed 
with dioxane, a more effective catalyst is pro- 
duced. During this treatment with dioxane it 7D 
is believed that a number of reactions taxes 
place- (1) some of the chloride ions in the 
lattice are oxidized, resulting in the reduction 
of Fe(III) to F<II); (2) the chlorine from 
reaction (1) reacts with the water and ether 80 
present during the wash-treatment to give CJ~ 
and chlorinated ether; (3) the successive washes 
remove some of the products of reaction [f) 9 
and (4) the oxygen atoms of the ether appar- 
endy co-ordinate to the zinc ions in the lattice, w 
rearranging the lattice structure by inserting 
dioxane groups between the zinc ions as 
follows: 



r CH 8 GH 2 n 

_Fe-CN...Zn... Lc^CHr-A . . . Zn . . . NO-Fe-. 



Q0 Thus, in the case of some of the dioxane-zmc 
hexacyanoferrate complexes, elemental analyses 
revealed that they were apparently non- 
stoichiometric complexes having the formula 

Zn, [f e(CN)o] * (QHa0 2 ),(H 2 0)„ 

95 whem^= rTo 2 and *=2.5 to 3.1. According 
to infrared and elemental analyses some of tne 
dioxane in the complex may be chlorinated 
and some of the H a O may be in the form of 
—OH or — O-groups. As ordinarily pre- 

amount of K + . 



If the catalyst is prepared ™* Z n (W* 
instead of Znd* approximately 50% of the 
normal amount of dioxane is incorporated in ud 
the catalyst This catalyst is n* as effective 
as the one prepared from the chloride. 

Although a great part of the iron in the 
ether (or other organic complexing moiety)- 
zinc hexacyanoferrate complex is believed to uo 
be FefU) as a result of the oxidation-reduction 
reaction that occurs during preparation, the 
dioxane complex prepared from Zna a ana 
K4Fe(Cr^ fi is not as active even at polymery 
tfai temperatures of 80°C. Analyses showed 115 
that a reduced amount of dioxane was lncor- 
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panted In such complexes and the chlorine 
content was high. 

The reduced catalytic effect when using 
Zn(NO,)a or K*Fe(CN) 4 in the preparation of 
the catalyst complex is apparently related to 
the mechanism of the ether-iiexacyanoferrate 
reaction. This mechanism may be viewed as 
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follows. As the chloride ions of the surface zinc 
ions in the crystal lattice transfer electrons 
into the Zn . . . NC — Fe grouping, ether mole- 
cules can displace the resulting chlorine atoms 
and form ether-zinc coordinate bonds. For 
example, 



10 



Zn, [Fe(CN) c ] 2 (KCi), -I- yROR-» Zn^Ky [Fe(CN) 6 ] 2 (ROR) r +yd°. 



(Note: y in the above equation is a number 
and may not be the same as in the preceding 
formulas). The driving force for this reaction 
is the removal of Q 2 by solution of the gas 
in the water and ether and the reaction of Q 2 
with the ether. 

This oxidation-reduction reaction and dis- 
placement of the chlorine by ether is accom- 
panied by a change in the crystal lattice. 
According to elemental and infrared analyses, 
most of the zinc ions in the lattice appear to 
form coordination bonds with from 1 to 2 
oxygen atoms. The oxygen atoms of both the 
water and the ether are involved in this co- 
ordination. X-ray analysis and density measure- 
ments appeared to confirm this lattice change. 
Thus, the oxygen atoms of the ether compete 
with the CN groups of the FeCCN),, anion to 
produce a polymeric structure with more ex- 
posed zinc ions as shown below: 




This process of opening up the lattice is aided 
by the presence of water during the ether 
treatment. Apparently, the water dissolves die 
Fe(CN) 0 anion sections in the lattice that are 
coordinated with K + ions and more of the 
lattice thereby becomes exposed to the ether 
during the hexacyanofeirate-ether reaction. 

The experiments have indicated that chloride 
ions can inhibit the polymerization of the cyclic 
oxide employed* hi the double metal cyanide 
complex catalyst Thus, it is desirable to reduce 
the amount of ionjzable chlorine or other ioniz- 
able ani^BTin the catalysts. For example, the 
catalyst can be washed with an ether-water 
solution whereby the soluble chloride salt can 
be removed In another method the zinc hexa- 
cyanoferrate is prepared by reacting com- 
pounds such as calcium ferricyanide, aluminium 
ferricyanide or lithium ferricyanide with zinc 
chloride and the chloride salt which forms can 
be removed by the ether during the washing 



operation. It has also been found that when 
ions such as Or are covalently bonded to the 
complexing catalyst, they apparently do not 
adversely affect the polymerization of the 
epoxides and oxetanes. In fact, chlorinated 
ethers have been found to improve the effi- 
ciency of the catalyst since it is believed that 
the halogenated ethers are more readily dis- 
placed by the epoxides and oxetanes to initiate 
polymerization. 

It is preferred to employ the polyethylene 
glycol ethers to treat the double metal cyanide 
since a very active catalyst is thereby obtained. 
Apparently a chelate bond is formed with the 
zinc ion thereby increasing the driving force 
of the hexacyanoferrate-ether reaction, whereby 
a very open lattice is produced since polymeric 
coordination through the oxygen atom is pre- 
vented. Hie use of the dimethyl or diethyl 
ethers of diethylene glycol was found to in- 
crease the efficiency of the catalyst It thus 
appears that the most active catalysts for the 
cyclic oxide polymerization are those which 
contain the greatest amount of zinc-oxygen- 
ether bonds rather than zinc-oxygen-water 
bonds and the least amount of iomzable 
chlorine. 

The amount of catalyst employed can range 
from 0.001 to 15% by weight of the total 
weight of the telomerizable cyclic oxide mono- 
mers employed during telomerization. It is 
preferred to employ from about O.01 to 1.0% 
by weight of the catalyst based on the total 
weight of the monomers. 

The amount of water employed as a telogen 
in the process of this invention is dependent 
upon the molecular weight of the polyoxy- 
aikylene diol desired. The amount of water 
can vary from as low as .001% by weight 
to as high as 5.0% by weight based on die 
polymerizable oxide. Where molecular weights 
below 5,000 are desired, the amount of water 
should be about .4% and higher. This water 
is added in the propylene oxide and does not 
include any water that may be occluded in die 
catalyst The cyclic oxide may be telomerized 
in bulk or in a solvent The cyclic oxide should 
be telomerized under inert or non-oxidizing 
conditions, for example, under nitrogen, argon, 
neon, helium, krypton or other inert gas. The 
cyclic oxide can also be telomerized under 
pressure of the vapourized cyclic oxide. 

When large amounts of water are employed 
to yield low molecular weight telomers, it is 
preferred to add the water incrementally 
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became large amounts of water decrease vhe 
r^rftetomerizatioa Thus, in order to obtain 
^cdcaTSeTof reaction, the water p added 
goementally. The incremental addition of 
, ^Tcln also be employed to pe^omers of 
5 rSoader molecular weight distribution than 
Lse possible where aU of to water is added 

10 m a dosed container at atmosphere prc^ 
or at pressure slightly greater than atmospheric 
The pressure should be sufficient to maintain 
a liquid state for dispersion of the catalyst and 
hea? transfer, although it is also possible to 

15 bubble gaseous cyclic oxide monomers into 
die solution for the tdamenzaaon. 

The temperature at which the process or 
this invention is conducted is not critical and 
2 v^from about 0°C1 to 125°C or some- 

20 what higher, preferably the temperatures from 
Xut 15°G to 80°C. being employed. In some 
instances an induction period may be observed 
with the less active catalyst species. 
The tdomerized product in accordance wiffl 

25 the process of this invention can 

be extended by employing the o^'c diiso- 
cyanates such as toluene dusocyanate, p- 
oLnylene diisocyanate, ethylene dusocyanate, 
ffihylene diisocyanate, dodecamethylene di- 

30 isocyanate, butylene . 1^- dusocyanate, ^ 
phenyiene diisocyanate, benzene -1A4- m- 
hcjanate or polymethykne poryphenyl iso- 
cyanate to yield polyurethane foams and 
elastomers. The polyurethane etoomeK are 

35 useful as gaskets, foot mats, shoe heels, engine 
nWrtings and the like. Tfas polvurahane 
foams are useful as insulation and the W«. 

The following examples -serve to furOrer 
niustrate the invention and are not to be am- 
40 strued as limitations thereon. Tn the examples 
all parts are by weight unless otherwise speci- 
fically stated. 

Examplb I 
A zinc hexacyanoferrate-dioxane complex 
45 catalyst (essentially 

Zn,(Fe(CN).)» • 3.1 . 1.6 H a O) 

was oreoared as Mows: An aqueous solution 
yS^FeCQOc [0.430 Molar] was 
added slowly to 75 mL of an aqueous solution 

50 of zinc chloride (1.89 Molar). This is .equiva- 
lent to a W moI% excess of zinc chloride. The 
mecipitated zinc hexacyanoferrate was separ- 
ZS% qgafrm** (2,000 forBO 
miffT and washed four times with 200-nL 

55 portions- of anhydrous, peroxide-free dioxane 



and dried at 25°G at less than 1 mm. H& 
overnight It was employed o catalyze the 
pdymtnzation of propylene oxide and aUji 
Kyi ether in & presence and in the 
So* of water. 0.1 grams of the zrnctoa- 60 
cvanoferrate-dioxane complex and 0.1 grams 
XpbenyiWnaptanylamine and a^rwere 
chared into a dry, crown-capped, beverage 
bottle, containing a magnetic storing oar. i« 
ffi wa. flushed with nitrogen, capped and 65 
pr^kne oxide (47.1 grams, 0.81 moles) and 
aUyl glycidyl ether (2.88 grams, 025 moles) 
were added by means of a hypodermic syringe, 
rrftiie first instance the P">Pyl«* oxrfe <=°£ 
mined no water and m the /ec^d, the 70 
propylene oxide contained .00023 weight /, 
water. The polymers obtained at the same con- 
version (93%) had intrinsic viscosities in iso- 
p^/at60°Cof4.9and2.8y*vdly 

ThTsliows the effect of water in reducing the .5 
molecular weight. 

Example II 
In this example a zinc hexacyanocobaltate- 
acetone complex prepared as follows was era- 

candyk. A solution cortaining «« 
Wt Ca.tCXCNS and ^S g^er was 
added dropwise to a solution of ZnU, J 
-Tin 63.2 g. water. Acetone (1895 g.) was 
Sen added m the slurry of the precipitate in 
water and the mixture was stirred tor « » 
minutes. The precipitate was 
centrifugation (7000 RFM, 40 mia) andthen 
washed ten times with 70 volume % acetone 
uTw^pproxiinatety 2000 ml. of 
was used for each wash. After two additional 90 
washes with 2000 ml. of pure acetone, the solid 
cake was dried at 25°C at less than 20 mm. 
Ho- for 9 — 10 hours. . . . 

the zeneral procedure for the telomenzation 
reaction is as follows. The catalyst was charged 9, 
tafaary beverage bottle, the bottle capped 
evacuated and filled with nitrogen. A proKdene 
oxide-water mixture (25 grams)^ added by 
means of a hypodermic syringe. The bottle was 
then pkced uTT^nsmt-ttOTperature bath 100 
maintained at 80°C and agisted m an end- 
o^r-end rotating assembly. The product was 
recovered by evaporating the propylene oxide. 
The pertinent data are summarized in Table 
rThVmXnilar wdght was ^termmed by 105 
vapor phase osmometry. The^ hydroxy 1 content 
was deterrnined and the functionality was 
calculated by dividing the number of moles 
of the hydroxyl group by the number of moles ^ 
of the telomer. 
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Tablb I 



Experiments 


Water in 
PO, Wt% 


Catalyst 
Wt. % 


Time 
Hrs. 


Yield 


MoL 
Wc 


Functionality 


A 


0.18 


0.02 


2.5 


92 


8500 


1.9 


B 


0.36 


0.04 


24 


92 


4000 


2.1 


C 


0.54 


0.16 


22 


70 


2150 


2.2 


D 


0,72 


0.16 


24 


81 


1450 


2.3 



Example III 
The catalyst employed in this example was 
prepared as follows: 



A glyme-zinc hexacyanocobaltate complex 
(essentially 



ZiiatQKCN),]. . 1.7 glyme . 1.2 HaO . 1.2 ZnO,) 



was prepared as follows. An aqueous solution 
(lOOmL)of K^CoCQOe [0.296M] was passed 

10 through a bed containing the acid form of 
Amberlyst 15 (Registered Trade Mark). In 
this process H + was exchanged for K + . The 
acid solution was then evaporated at room 
temperature to a volume of 80 ml. resulting 

15 in a 0.370M solution of HsCc^CN';,,, and the 
solution was then rapidly mixed with 10 ml. 
of an aqueous solution of ZnQ 2 [4.87M.] 
This is equivalent to using a 10 mol % excess 
of ZnQ 3 . After the precipitation of 

20 2n,[Co(Ca) fl ], 

was complete, 60 g. of glyme was added slowly 
to the aqueous slurry and stirred for 15 
minutes. The precipitate was separated by 
centrifugation (7000 RPM, 40 min.) and then 
25 washed twice with glyme (total volume: 



188mL), The precipitate was finally recovered 
and dried at 25°C. at less than i mm. Hg. 
overnight Glyme is the dimethylether of 
ethylene glycol 

The catalyst Zn, [Co(CN) a ] 3 .glyme was 
weighed out and placed in 12 ounce boro- 
silicate glass bottles .08 g to each bottle, (All 
bottles were washed and rinsed in deionized 
water and dried at 200°C overnight). After 
charging the catalyst, the bottles were immedi- 
ately capped and evacuated at less than 22 
mm. Hg. pressure for 15 minutes. Propylene 
oxide (60 ml., 50 g.) was then added and 
deionized water was men added by means of 
a syringe. The sample bottles were immediately 
placed into the safety can and placed in an 
80°C tumble action bath. The pertinent data 
in this example is summarized in the following 
chart. 



30 



35 



40 



Table n 





A 


B 


C 


D 


Catalyst gm. 


.08 


.08 


.08 


.08 


Propylene oxide gm. 


50 


50 


50 


50 


Water, ml 1st addition 1 
2nd addition > 
Total J 


1.00 
1.00 


.35 
.65 
1.00 


.20 
.80 
1.00 


.20 
.80 
1.00 


time between* * 
1st and 2nd addition 
of water - 




218 min. 


100 min. 


68 min. 


Reaction times, hrs. 


24 


24 


24 


24 


Temperature °C 


80 


80 


80 


80 


% Conversion 


6,3 


22.6 


52.5 


40.8 


Hydroxyl Number 




261 


58.1 


76.9 
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From the above data, it is evident that The 
incremental addition of water greatly improves 
die vield of the telomer. 
WHAT WE CLAIM IS: — 

3 1 A process for the preparation of polyoxy- 
alkylene ether diols, wherein -he hydroxyl 
groups are substantially terminal hydroxyl 
groups, which comprises admixing at least 1 
polymerizable organic cyclic oxide monomer 

10 having a ring of 2 or 3 carbon atoms and 1 
oxygen atom and up to a total of 18 carbon 
atoms, said oxide being selected from epoxides, 
oxetanes, 3-substituted oxetanes, and 3,3-di- 
subetituted oxetanes, with water in an amount 

15 of from .0001 to 5.0% by weight based upon 
the polymerizable oxide, in the presence of a 
catalyst in an amount of from .001 to 15/, 
by weight of said monomer, said catalyst com- 
prising a double metal cyanide complex com- 

20 pound having the general formula 

wherein Z is M' (CN) b or M' (CNMX\; 
M is at least one metal selected from Zn (Jl), 
Fe (ID, Fe Oil), Co (II), Ni (H\ Wk£V)» 

WrVD, MnOI) and CrdlD; M' is at least one 
metal selected from Fe(II), Fcfm\ CofH), 
CoOII), Cr{II\ Cr(III), Mn(II), MnCIII), 
VfIV\ and V(V); X is at least one of F", CI" 

30 Brj-O^W^ft^ 
CO--, SO-" CNO- CNS-NCQ- and 
NCS"; R is a low molecular weight organic 
compound having up to 18 carbon atoms and 
selected from alcohols, aldehydes, ketones, 

35 ethers, esters, amides, nitrfles and sulfides; a, 
b and c are numbers whose values are func- 
tions of the valences and the coordination 
numbers of M and M', the total net positive 
charge on M times a being essentially numenc- 

40 ally equial to the total net negative charge on 
Z time c; r is a number, t is a number, r being 
greater than t; d is 0 or a number and e is 0 



or a number, and maintaining said admixture 
at a temperature at which said water and cyclic 
oxide react to produce said polyoxyalkylene 

ether diols, , * „ . %m 

2. A process according to claim 1 wherein M 
is selected from the group consisting of zmc 

(II) , nickel Ql), iron QI) and cobalt (H) and 
iiixtures thereof, and wherein M' is selected 
from the group consisting of iron (II), iron 

(III) , cobalt (III) and chromium (HI) and 
mixtures thereof. . . 

3. A process according to Claim 1 or Claim 
2 wherein the temperature is from about 0 

to 125°C ^ . , , . 

4. A process according to Claim 3 wherein 
the temperature is from 15° to 80°C. 

5. A process according to any one of Claims 
1 to 4 wherein the polymerization is conducted 
in the presence of a solvent for said monomer. 

6. A process according to any one of Claims 
1 to 5 wherein said catalyst is employed m 
an amount from .01 to 1% *y °{ ^ 
monomer and wherein said water is employed 
in an amount of from 0.4 to 5.0% by weight 
of said monomer. # . 

7 A process according to Chum 6 wherein 
the catalyst is a zinc cobalticyanide-ketone 

complex. . , - 

8. A process in accordance with Uaim o 
wherein the catalyst is a zinc hexacyanoferrate 
cyclic diether complex. m . 

9. A process in accordance with Uaim o 
wherein the catalyst is a zinc cobalticyanide- 
acyclic poryether complex. 

10. A process according to any one of claims 
1 to 9 substantially as herein described and 
exemplified. . 

11. The product of a process according to 
anv one of the preceding claims. 

MEWBURN ELLIS & CO., 
Chartered Patent Agents, 
70/72 Chancery Lane, 
London, W.G2, 
Agents for the Applicants. 
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